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Remarks 

The specification and claims 1 and 9 have been amended herein. Claims 1- 
17 remain pending In the subject application. 

Substitute S pecification 

The Office action states that the substitute specification submitted on April 6. 
2005. is not accepted for reasons stated in the previous Office action. The previous Office 
action, dated June 14, 2005. states that a substitute specification must be submitted 
showing all changes relative to the immediate prior version. However, a substitute 
specification showing markings (I.e., redllned) was submitted with the Request for 
Continued Examination filed April 6. 2005, and a substitute specification wHhout markings 
(i.e., clean) excluding the claims was attached to the previous Amendment (filed 
September 14, 2005). 

A substitute specification showing markings (i.e., redllned) and a substitute 
specification without markings (i.e., clean) excluding the claims are resubmitted with this 
amendment. The substitute specification contains no new matter. In this amendment, 
references to the specification are made with respect to the dean substitute specification. 

Oblectlon to Amendment - 35 U.S.C. ^ 132(a) 

Applicant respectfully requests reconsideration of the objection under 35 
U.S.C. § 132(a) for introducing new matter into the disclosure. 

Regarding the amendment to claim 1 , the Office action asserts that a "spatial 
modulation section" is new matter. Page 2, lines 23 and 24. However, the specification 
describes a GLV (grated light valve) driving section 43 of a control circuit 40. See e.g., 
page 24, line 23, to page 26, line 10, and Fig. 8. The GLV Is an exemplary type of spatial 
modulator. See e.g., page 2, lines 1-7, page 8, lines 26-29, page 1 0, lines 6-9, and claim 5. 
Further, claim 1 has been amended to change "spatial modulation section" to "spatial 
modulator driving section", to more closely match the wording "GLV driving section". 
Because the specification discloses a control circuit 40 having a spatial modulator driving 
section 43, the objection to the amendment as it pertains to this portion of claim 1 is 
improper. 
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Further regarding claim 1 , the Office action asserts thatthe claim recites, "...in 
association with the Fourier transformed data" and thatthe specification fails to 'teach the 
'association* with the Fourier transformed data in driving the modulation elements. Page 2. 
lines 23 and 24. However, claim 1 does not recite, "..in association with the Fourier 
transfonned data", as asserted. Further, the specification describes that the GLV ribljons 
(l.e., the "modulator elements") are driven in accord with Fourier transfomned data. See 
e.g., page 10. line 19. to page 11 . line 22. and page 23, lines 8-22. of the dean substitute 
specification. Because the specification discloses a spatial modulator driving section that 
controls the independent driving of modulator elements in accord with Fourier transfbmned 
data, the daim amendment did not add new matter and the objection to the amendment as 
It pertains to this portion of claim 1 is improper. 

Regarding dalm 3, the Office action asserts ttiat the specification does not 
support recitation of "the second scan unit scanning the modulated light In (the) anraying 
direction." However, the amendment to claim 3 does not change the direction that the 
second scan unit scans the modulated light to. In the daim before the amendment, the 
dalm recited in relevant part, "the second scan unit scanning the modulated light In a 
direction parallel to an airavino direction . . .", and the amended daim recites In relevant part, 
"the second scan unit scanning the modulated light in fthe^ arraying direction .. .". No new 
matter has been added because the direction being recited was previously claimed (i.e.. a 
direction parallel to the an-aying direction is the same direction as the arraying direction). 
Accordingly, the objection to the amendment is improper as it pertains to claim 3. Further, 
the Office action makes comments (page 3, lines 3-7) regarding the perceived inoperability 
of the claimed apparatus. Perceived inoperability is not grounds for asserfing that new 
matter has been added. 

Regarding daim 7. the Office action asserts that "scanning the modulated 
light in (the) first direction and in a second direction" is new matter. However, scanning 
light in two directions is described with respect to scanning mechanisms (e.g., galvano 
mirrtDrs) 34 and 35. See e.g.. Fig. 4, page 17. line 20, to page 1 8. line 8, and page 21 . lines 
11-14 of the clean substitute specification. Because the scanning mechanisms may be 
rotated alwut axes that are orthogonal to each other (see e.g.. page 18, lines 1-8, and 
• page 21, lines 11-14). they can scan light that is incident on their surfaces so the light 
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leaving the first mechanism is orthogonal to the light leaving the second mechanism. 
Again, although the OfRce action makes comments (see page 3. lines 3-7) regarding the 
perceived inoperability of the claimed apparatus, perceived inoperability is not grounds for 
asserting that new matter has been added. Because the amendment to the cited portion of 
claim 7 does not add new matter, the objection to the amendment as it pertains to this 

portion of claim 7 is improper. 

Further regarding claim 7, the Office action asserts that the recitation, "means 
for receiving Image data con-esponding to the coherent light", is new matter However, the 
specification supports this recitation in various places. For example, In lines 8-1 3 of page 
23 of the clean substitute specification, the specification describes that the Fourier 
transfomiation section "receives Image display data from an external apparatus.. and 
perf'omis the Fourier transfbmnation processing of the display image data." Lines 1 0-1 6 of 
page 22 further state that the display image data is Input into the control circuit and may be 
from an apparatus located outside the display apparatus. See also. Fig. 8, which shows 
the control circuit 40 receiving display image data. Further, in lines 16-22 of page 23, the 
specification describes that the GLV is controlled "in accordance with the data input from 
the Fourier transfbnnnation section." Because the amendment to this portion of claim 7 
does not add new matter, the objection to the amendment as it pertains to this portion of 

claim 7 is improper. 

Regarding claim 8, the Office action asserts that the recitation, "Fourier 
transforming image data associated with (the) lighf. is new matter. However, the 
specification supports this recitation in various places. For example. In lines 8-13 of page 
23 of the clean substitute specification, the specification describes that a Fourier 
transformation section Yeceives image display data from an external apparatus.. and 
perfonns the Fourier transfonmation processing of the display image data." Further, in lines 
1 5-22 of page 23, the specification describes that the GLV is controlled In accordance with 
the data input from the Fourier transformation section." Because the amendment to claim 
8 does not add new matter, the objection to the amendment as it pertains to claim 8 is 
improper. 

Regarding daim 1 3, the OfRce action asserts that the recitation, "scanning the 
modulated light to (the) first direction", is new matter. However, as described above with 
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respect to the objection to the amendments made to claim 7, the specification describes 
scanning light in two distinct directions. See e.g., Fig. 4, page 1 7, line 20, to page 1 8, line 
8, and page 21 , lines 1 1-14 of the clean substitute specification. Because the scanning 
mechanisms may be rotated about axes that are orthogonal to each other (see e.g., page 
1 8, lines 1 -8, and page 21 . lines 1 1 -1 4), the scanning mechanisms can scan light incident 
on their surfaces so the light leaving the first mechanism (i.e., in a first direction) is 
orthogonal to the light leaving the second mechanism (i.e., in a second direction). 

Because the cited claim amendments do not add new matter for at least the 
reasons described above, the objection for adding new matter is improper. Accordingly, 
Applicant respectfully requests that the objection be withdrawn. 

Claim Reiections - 35 U.S.C. 6 112. first paragraph 

Claims 1-5. 7-15, and 17 

Applicant respectfully requests reconsideration of the rejection of claims 1-5, 
7-15, and 17 under 35 U.S.C. §1 12, first paragraph, for failing to comply with the written 
description requirement The objection states that the reason for the rejection is that the 
amendment adds new matter as described in the Section 132(a) objection. Because the 
amendments do not add new matter as shown above regarding the Section 132(a) 
objection, this Section 112 rejection is improper for the same reasons presented regarding 
the objection. Accordingly, Applicant respectfully requests the rejection be withdrawn. 

Claims 1-S and 8-15 

Applicant respectfully requests reconsideration of the rejection of daims 1-5 
and 8-1 5 under 35 U.S.C. §112, first paragraph, for containing subject matter which was 
not described in the specification in such a way as to enable one skilled in the art to which 
it pertains, or with which it is most neariy connected, to make and/or use the invention. 
The Office action asserts that the feature, "Fourier transformation of image data^ is not 
cleariy taught in the specification and claims. The specification describes that the Fourier 
transformation is performed on a function a(x): A(X) = H(X) exp[i0(X)], wherein a(x) Is an 
amplitude of the wavefront generated by the GLV in an x direction and each ribbon of the 
GLV is driven so that a phase difference corresponding to a phase component 0p() is 

10 

23189075VV-1 



PAGE m ' RCVD AT 2/812006 6:45:25 PM [Eastern Standard Time] ' SVR:USPTO{FXRF-6f26 ' DNiS:2738300 ' CSID:3t4259S»9 ' DURATION (niin-ss):18-22 



Fab-08-06 06:41pin Frora-Sonnanschsin Nath & Rosenthal 



314 259 5S59 



T-fl93 P. 012/085 F-424 



given to the reflected light See page 10. lines 19-28. of the clean substitute speciflcaton. 
Further in lines 8-13 of page 23 of the dean substitute specification, the specification 
describes that a Fourier transfomiation section "receives image display data from an 
extemal apparatus.. and performs the Fourier transformation processing of the display 
image data." Also. In lines 15-22 of page 23. the specification describes that the GLV is 
controlled in accordance with the data Input from the Fourier transfomiation section". 
Applicant is not clear why the Examiner asserts that one skilled in the art would not 
understand how the Fourier transfomiation works while stating that 'It is very well known in 
the art to apply Fourier transfonmation on image data in the process of processing the 
image data." See page 8. lines 1-5, of the Office action. 

Because the specification describes the claimed subject matter in such a way 
as to enable one skilled In the art. the rejection is improper. Accordingly. Applicant 
respectfully requests the rejection be withdrawn. 

niaims 1 -17 - niaim Objections 

Applicant respectfully requests reconsideration of the objection of claims 1- 
17. AS an initial matter, the bases provided for the objection are not proper for an 
objection. Objections are meant to address the form of a claim, such as a claim being 
allowable except being dependant on a rejected claim. See e.g.. MPEP 706.01 . Perhaps 
the presented bases are more appropriately presented as part of a rejection under Section 
1 12. first paragraph. Nonetheless, Applicant addresses each basis as follows. 

Regartling daim 1 , the Office action asserts there is no logical relattonship 
between the controller and the other claim elements to make the display device workable. 
However, the daims recite that the Fourier transfomiation section of the controller 
transfonns the light radiated by the light source element and the spatial modulator driving 
section controls the independent driving of the elements of the spatial modulator element. 
Sufficient connection between the controller element and the other daim elements is 
present because connections between components of the controller and the other daim 
elements is recited. Further, additional language regarding the relationship between the 
controller and the other elements has been added to daim 1 (e.g., .section connected to 
(the^ one-dimensional spatial modulator .. Because daim 1 and its dependant dalms 
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recite sufficient connection between the controller and other claim elements, the objection 
Is improper. 

Further regarding daim 1 , the Examiner states she does not understand what 
the recited "reference signal" generated by the clock Is. The reference signal is a time 
signal that the controller references its operation to. One skilled in the art would be aware 
that a controller would include a clock producing a reference or time signal. The Office 
action further expresses confusion regarding the function of the reference signal with 
respect to the other apparatus elements. Claim 1 has been amended to include additwnal 
language connecting the clock to another element (i.e., "..modulator driving section 
nneratino at a timinn based on the reference signal" and "..modulator driving section 
nonnected to. /the^ dock") . Support for these amendments can be found, among other 
places, on page 22. line 23, to page 23, line 6, on page 23. line 1 5. to page 24. line 4. and 
in Fig. 8. Further, the specification deariy states, as will be apparent to those skilled in the 
art. that apparatus elements Induding the GLV section and galvano mimor driving section 
operate "at suitable timings in cooperation wUh each other" by operating according to the 
dock signal. See page 23, line 29, to page 24, line 18. 

The Office action goes on to ask many questions including about how the 
image data that is Fourier transformed can be "assodated" with the light. As described in 
the specification, the Fourier transfomiation sectton deceives image display data from an 
external apparatus.. and perfonns the Fourier transformation processing of the display 
image data" and the GLV is controlled "In accordance with the data input from the Fourier 
transfbnnation section". See page 23, lines 8-13 and 15-22. 

In lines 1-4 of page 5, the Office action expresses confusion with respect to 
the daimed Fourier transformatton. The Fourier transformation section and function of the 
invention Is described above with respect to the objection regarding claims 1 , 7, and 8 for 
containing new matter and above regarding the controller In the present objection section. 

In line 4 of page 5, the Office action asks Vhat is the spatial modulation 
sectton?" The spatial modulation section is now referenced in the daims as the spatial 
modulator driving section. The spatial modulator or GLV section 43 is a component of the 
controller that sends signals to the spatial modulator or GLV to control elements of the 
spatial modulator or GLV. See e:g., lines 16-18 of page 22 and lines 16-22 of page 23. 
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Further, Applicant is not dear wliy the Examiner asserts confusion regarding how the 
controller could accept image data and thereby drive the elements of the GLV while citing a 
reference (Bloom) that discloses a control circuitry 440 that accepts video data and is 
coupled to the GLV 402 for using the video data to operate the GLV elements 200 for 
modulating light diffracted therefrom and while citing a reference (Kajiki) that discloses 
modulating light based on stereoscopic video image data received by way of a 
transmission line. See Bloom, column 10, lines 43-47, and Kajiki. column 1 1, lines 12-15. 

In line 4 of page 5, the Office action expresses confusion regarding whether 
the spatial modulation section modulates. Actually, the spatial modulator or GLV (e.g., 
item 32 in Fig. 4) modulates the light See e.g., lines 4-8 of page 17. 

In lines 4 and 5 of page 5, the Office action expresses confusion r^arding 
the modulation elements and how they relate to the spatial modulator. The modulation 
elements or ribbons, such as items 1 1 1n Figs. 1 and 2 and items 32a, 32b, and 32c in Fig. 
4, are distributed across the surface of the spatial modulator (e.g., GLV 10 or 32). The 
modulation elements 1 1 , 32a-c independently ascend and descend to modulate or alter the 
relative spacing of the light diffracted from the spatial modulator. See e.g.. Figs. 1 and 2. 
page 10, lines 6-17, and page 11, lines 9-13. 

In lines 5 and 6 of page 5, the Office action expresses confusion regarding 
how the transfomied image data relates to the rest of the elements of the apparatus. As 
recited in claim 1, the spatial modulator driving section of the contn^ller controls the 
independent driving of the modulator elements In accord with the transformed data. As 
described above and in the specification, the transformation is perfomried on the image 
data con^esponding to the radiated light to detenmine the relative amounts the modulator 
elements should be ascended/descended to produce desired display characteristics. See 
e.g., page 10, lines 6-28. 

In lines 6-8 of page 5, the Office action asserts that without the controller, the 
apparatus only discloses scanning the light back and forth. Applicant is not clear why the 
Examiner is analyzing what the claim would disclose if parts of the claim were removed. 
Because elements of the controller are recited and related to other apparatus elements, 
the controller elements must be considered. 
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m subsection (2) on page 5. the Office action expresses confusion regarding 
the -scan unit axis" with respect to the scanning directions. The scan unit axes are the 
axes about which the scanning units (e.g.. 34 and 35 in Fig. 4) rotate. See e.g., page 18. 
lines 1-8. and Fig. 4. The scanning directions are the directions in which the light travels 
after being scanned by the scanning units. For example, the first scanning unit or galvano 
mirror 34 can rotate about a z-axis to scan light in a horizontal direction and the second 
scanning or galvano min-or 35 can rotate about an x-axIs to scan light In a vertical direction. 
See e.g., page 18, lines 1-19, and Fig. 4. 

In subsection (3) on page 5, the Office action expresses confusion regarding 
the Tourier surface" recited in claim 6. The Fourier surface is not "any surface ... 
downstream of the Fourier transformation lens." as stated by the Examiner because, as 
recited in the claim and described in the specification, the Fouriertransfomnation surface Is 
part of the Fourier transfomiation lens and the diffuser panel is disposed on (le., in contact 
with) the Fourier surface. See e.g., page 21, line 14, to page 22. line 8. 

In subsection (4) on page 5, the Office action expresses confusion regarding 
the phrase, "means for receiving image data corresponding to the coherent lighf, recited in 
claim 7. The image data and means for receiving have been described above. For 
example, in lines 8-13 of page 23 of the clean substitute specification, the specification 
describes that the Fourier transfomnation section "receives image display data from an 
external apparatus.. and performs the Fourier transformation processing of the display 
image data." Lines 1 0-1 6 of page 22 further states that the display image data is input into 
the control circuit and may be from an apparatus located outside the display apparatus. 
Also note Fig. 8. which shows the control circuit 40 receiving display image data. Further, 
in lines 15-22 of page 23. the specification describes that the GLV is controlled In 
accordance with the data input from the Fourier transfomiation section". The Office action 
also specifically states that it appears the "means for receiving image data" has no relation 
to the other elements. However, it is clear from the claim and specification that the means 
for receiving image data receives the data used by the means for spatially modulating the 
light, which is controlled In part according to Fourier transformation of the image data. See 
e.g., claim 7, page 22. lines 10-16, page 23. lines 8-13, page 23. lines 15-22, and Fig. 8. 
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In subsection (5) on pages 5 and 6, the Office action expresses confusion 
regarding the phrase "Fourier transforming image data associate with light". The Office 
action states that the Image data is not associated with light. However, the specification 
describes that the display Image data Is associated with the stereoscopic images to be 
displayed, which are formed by altering the Incident light (see e.g.. Fig. 1). See page 22. 
lines 12-15. The Office action further states there Is no connection between the 
transformed image data and the rest of the Image display. However, as stated above, the 
specification describes that the Fouriertransformation section "receives image display data 
from an external apparatus.. and performs the Fourier transfomriation processing of the 
display image data." Lines 10-16 of page 22 further state that the display Image data is 
input into the control circuit and may be from an apparatus located outside the display 
apparatus. Also note Fig. 8, which shows the control circuit 40 receiving display image 
data. Further, in lines 15-22 of page 23, the specification describes that the GLV Is 
controlled In accordance with the data input from the Fourier transformation section". 

In subsection (5). the Office action also states that It appears the "means for 
receiving Image data" has no relation to the other elements. It is clear from the claim and 
specification that the means for receiving image data receives the data used by the means 
for spatially modulating the light, which is controlled In part according to Fourier 
transformation of the image data. See e.g., claim 7. page 22, lines 10-16. page 23. lines 8- 
13, page 23, lines 15-22, and Fig. 8. The modulation elements or ribbons, such as Items 
11 In Figs. 1 and 2 or items 32a, 32b, and 32c In Fig. 4. are driven to Independently 
ascend/descend to modulate or alter the relative spacing of the light diffracted from the 
spatial modulator. See e.g.. Figs. 1 and 2, page 10, lines 6-17, and page 1 1, lines 9-13. As 
described in the specification, modulation of the light Is part of creating desired display 
images. 

In subsection (6) on page 6, the Office action expresses confiision regarding 
how the scan unit recited in claim 9. Claim 9 has been amended to depend from claim 2, 
which states the scan unit scans the light in two directions. The amendment overcomes 
the objection. 

For the reasons described above. Applicant respectfully requests withdrawal 
of the objection to claims 1-17. 
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ntaims 1 and 5 -35 U.S.C. S 103 

Applicant respectfully requests reconsideration of the rejection of daims 1 
and 5 under 35 U.S,C. § 103(a) as being unpatentable over the patent issued to U,S. 
Patent No. 6,215,579 (Bloom) in view of the patent issued to U.S. Patent No, 6,043,652 
(Liu). As amended, claims 1 and 5 recite a controller including a clock for generating a 
reference signal by which the controller operates, a Fourier transfonnation section that 
perfonns Fourier transformation of image data associated with the light during operation of 
the apparatus and a spatial modulator driving section connected to the clock and 
connected to the one-dimensional spatial modulator, wherein the driving section operates 
at a timing based on the reference signal, and controls the independent driving of 
modulator elements in accordance with the Fourier transformed data. 

Bloom discloses an apparatus and method for modulating light including 
deforming elongated elements 200 by varying a drive voltage. Liu discloses a method for 
reconstructing data including Fourier Iransforming data lines, storing the transformed data 
lines in memory, and converting the transfomned data lines into an appropriate fbnmatfor 
display. See column 9, lines 41-51. Although Bloom disdoses modulating light and Liu 
disdoses Fourier transfomiing data, the references, individually and in combination, fall to 
disclose controlling independent driving of modulator elements in accordance with Fourier 
transformed data. Specifically, Liu discloses storing the transfonned data and converting 
the data to a fonmat for display (column 9, lines 41 -51 ) but does not show or suggest using 
the stored transformed data to control a modulator. Bloom disdoses a modulator 402 and 
controlling the modulator by varying a drive voltage using a control circuitry 440 (column 
10, lines 43-47). but fails to show or suggest controlling the drive voltage using Fourier 
transformed data. 

The Office action states the daim does not include a logical relattonship 
between the controller and the other apparatus elements. Page 7, lines 13-15. However, 
logical relationships between the controller were present in the daim and the claim has 
been amended to include language providing additional bases for the relationships as 
described above regarding the objection to claim 1. 
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Because Bloom and Liu. individually and in combination, fail to show or 
suggest every feature of the claims, the rejection is impmper. Accordingly. Applicant 
requests the rejection be withdrawn. 

^■^i^c. 7, ft, «nri 14 -as IJ-S.C. S 103 

Applicant respectfully requests reconsideration of the rejection of claims 7, 8, 
13. and 14 under 35 U.S.C. § 103(a) as being unpatentable overthe patent issued to U.S. 
Patent No. 5,694,235 (Kajiki) In view of the patent issued to Liu. Claim 7 recites an Image 
displayapparatuscomprislngmeansforradiatingcoherentlight. means for receiving Image 

data corresponding to the coherent light, means for spatially modulating the coherent light 
in a first direction, wherein the means for spatially modulating is controlled in part according 
to Fourier transformation of the image data, and means for scanning the modulated light in 
the first direction and in a second direction that is orthogonal to the first direcUon. Claim 8 
recites an Image display method comprising radiating coherent light. Fourier transfomilng 
Image data associated with the light, spatially modulating the coherent light In a first 
direction in accord with the transformed image data, and scanning the modulated light to a 
second direction that is orthogonal to the first direction at a first speed. 

Kajiki discloses a 3-D recording/reprexiucing system including a modulator 1 9. 
Liu discloses a method for reconstmcling data including Fourier transforming data lines, 
storing the transformed data lines in memory, and converting the transformed data lines 
into an appropriate format for display. See column 9. lines 41 -61 . Although Kajiki discloses 
modulating light and Liu discloses Fourier transforming data, the references, individually 
and in combination, fall to disclose controlling a modulator in accord wnth Fourier 
transformed data. Specifically, Liu discloses storing the transfomned data and converting 
the data to a fomiat for display (column 9. lines 41-51 ). but does not show or suggest using 
the stored transformed data to control a modulator. Kajiki discloses modulating light in 
response to video image data (column 11. lines 12-15), but fails to show or suggest 
controlling the drive voltage using Fourier transformed data. 

The Office action asserts the specification does not support the claim 7 
feature, "means for receiving image data conresponding to the coherent light." However, 
the specification supports this feature as described above regarding the objection to the 
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amendments and regarding the objection with respect to daim 7 made in subsection (4) of 
the Office action. 

The Office action also asserts the specification does not support the claim 8 
feature. Tourier transforming image data associated with light." However, the specification 
supports this feature as described above regarding the objection to the amendments and 
regarding the claim objections. 

In addition, the Office action asserts the phrase, "modulating is controlled in 
part accortling to a Fourier transfomiation of image data" is indefinite. However, the claim 
language is definite, as described above regarding the 35 U.S.C. §112. first paragraph, 
rejection of claims 1-5 and 8-17. 

Further regarding claim 1 3, the references, individually and in combination, 
fail to show or suggest, "spatial modulation.. controlled based on an amount of shifting of 
the scanned light resulting from (the) differing scanning speeds," 

Further regarding claim 14, the references, individually and In combination, 
fail to show or suggest the modulation device rotating during performance of the method. 
The Office action expresses confusion as to whether the rotation of the modulator achieves 
the scanning function and asserts it would have been obvious to rotate the modulator to 
achieve the scanning function to eliminate the need for the scanners. The rotating 
modulation device performs scanning. See e.g., page 26, lines 14-17. However, it would 
not have been obvious to rotate the modulator of Kajiki and a prima facie case of 
obviousness has not been made. The first criteria for a prima fade case of obviousness is 
•^there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or 
to combine reference teachings." MPEP 2143. The only motivation provided In the Office 
action Is that rotating the modulator would eliminate the need for scanners. However, 
Kajiki cleariy discloses the need for scanners and makes no suggestion of not using them. 
The MP£P requires the Examinerto carefully guard against the natural tendency to resort 
to hindsight. See MPEP 2142. The references do not show or suggest rotating a 
modulator as claimed. If it were indeed simpler, cheaper, etc-, and obvious to rotate the 
modulator, the feature would have been taught before the present invention. 

18 
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Because the Kajiki and Liu. individually and in combination, fail to show or 
suggest every feature of the claims, the rejection is improper. Accordingly. Applicant 
requests the rejection be withdrawn. 

>n , and12^ a5U.S.C.S103 
Applicant respectfully requests reconsideration of the rejection of claims 1-5. 

11 and 12 under 35 U.S.C. § 103(a) as being unpatentable over Kajiki. in view of Bloom, 
and further in view of U.S. Patent No. 6.043.652 (Liu). As amended, claims 1-5, 1 1 . and 

12 recite a controller including a dock for generating a reference signal by which the 
controller operates, a Fourier transfonnatlon section that performs Fourier transfonnation 
of image data associated with the light during operation of the apparatus and a spatial 
modulator driving section connected to the ctock and connected to the one-dimensional 
spatial modulator, wherein the driving section operates at a timing based on the reference 
signal, and controls the Independent driving of modulator elements in accordance with the 

Fourier transformed data. 

Kajiki discloses a 3-D reoortllng/reproducing system including a modulator 19. 
Bloom discloses an apparatus and method for modulating light Including deforming 
elongated elements 200 by varying a drive voltage. Liu discloses a method for 
reconstnjcting data including Fourier transforming data lines, storing the transfomied data 
lines in memory, and converting the transfomned data lines into an appropriate format for 
display. See column 9, lines 41-51 . Although Kajiki and Bloom disclose modulating light 
and Liu discloses Fourier transfomning data, the references, individually and in 
combinatkjn, fail to disclose controlling independent driving of modulator elements in 
acoorxJance with Fourier transfonmed data. Specifically, Kajiki discloses modulating light in 
response to video image data (column 11. lines 12-15), but falls to show or suggest 
controlling the drive voltage using Fourier transformed data. Bloom discloses a modulator 
402 and controlling the modulator by varying a drive voltage using a control cireuHry 440 
(column 10. lines 43-47). but fails to show or suggest controlling the drive voltage using 
Fourier transfbmied data. Liu discloses storing the transfonned data and converting the 
data to a fonnat for display (column 9. lines 41 -51 ) but does not show or suggest using the 
stored transformed data to control a modulator. 

19 
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The Office action states the claim does not include a logical relationship 
between the controller and the other apparatus elements. However, logical relationships 
between the controller were present in the claim and the claim has been amended to 
include language providing additional bases for the relationships as described above 
regarding the objection to claim 1 . 

Because Kajiki. Bloom and Liu, individually and in combination, fail to shower 
suggest every feature of the claims, the rejection is improper Accordingly, Applicant 
requests the rejection be withdrawn. 

Claims 9. 10, and 15 - 35 U.S.C. § 103 

Applicant respectfully requests reconsideration of the rejection of claims 9, 
10, and 15 under 35 U.S.C. § 103(a) as being unpatentable over Kajiki, Bloom, and Liu. 
and further in view of U.S. Patent No. 5,550.779 (Bun-). Because claims 9. 10, and 15 
depend from claim 1, the rejection of claims 9, 10, and 15 is improper for the same 
reasons presented above regarding the rejections of claim 1. Accordingly, Applicant 
requests the rejection be withdrawn. 

Claim 6 -35 U.S.C. ^ 103 

Applicant respectfully requests reconsideration of the rejection of daim 6 
under 35 U.S.C. § 103(a) as being unpatentable over Kajiki in view of Bloom. Claim 6 
discloses, among other things, an image display apparatus induding a collimator lens 
making the light modulated by the Grating Light Valve device into parallel rays, a scan unit 
scanning the parallel rays coming from the collimator lens, a Fourier transfonnation lens 
having a Fourier surface and perfonning Fourier transformation on the scanned rays, and a 
diffuser panel disposed on the Fourier surface for diffusing the rays coming from the 
Fourier lens. 

Kajiki discloses a 3-D recording/reproducing system Including a modulator 19. 
Bloom discloses an apparatus and method for modulating light including deforming 
elongated elements 200 by varying a drive voltage. Kajiki and Bloom, Individualfy and In 
combination, fail to show or suggest an image display apparatus including a collimator lens 
making the light modulated by the Grating Light Valve device into parallel rays, a scan unit 

20 

23189076\V-1 



PAGE 21/85'RCVDATmS$:45:25PM [Eastern StandardT^^^^ 



Feb-08-06 06:44pn Fron-Sonnenschain Nath i Rosenthal 



314 259 5959 



T-993 P. 022/085 F-424 



scanning the parallel rays coming from the collimator lens, a Fourier transfomiatlon lens 
having a Fourier surface and performing Fourier transfomiation on the scanned rays, and a 
diffuser panel disposed on the Fourier surface for diffusing the rays coming from the 
Fourier lens. Particulariy. the Office action asserts that the lens 22 or 14a, 14b of Kajiki 
collimate light from the modulator. However, as is clear from Figs. 11 and 13. these lenses 
22, 14a/14b only collimate light leaving the light source 18 with no intervening structures 
such as a modulator. Further, the Office action asserts that the lens 2 of Kajiki Fourier 
transforms modulated light. However, Kajiki makes no mention or suggestion of a Fourier 
lens or Fourier transforming light. In addltton, the diffusion plate 20 of Kajiki is not 
disposed on a surface of a Fourier transfonnation lens, as claimed. The Examiner's 
confusion regarding the location of the diffusion panel of the present Invention with respect 
to the Fourier lens was addressed above regarding the objection to claim 6 in subsection 
(3) of the claim objections. 

Because the references, individually and in combination, fail to show or 
suggest every feature of the claim, the rejection is improper. Accordingly. Applicant 
requests the rejection be withdrawn. 

Qaim 16-35 U.S.C. S 103 

Applicant respectfully requests reconsideration of the rejection of claim 16 
under 35 U.S.C. § 1 03(a) as being unpatentable over Kajiki and Bloom as applied to claim 
6 above, and further In view of Bun-. Because claim 1 6 depends from claim 6, the rejection 
of claim 1 6 is improper for the same reasons presented above regarding the rejection of 
claim 6. Accofdingly, Applicant requests the rejection be vwthdrawn. 

Claim 17-35 U.S.C. g 103 

Applicant respectfully requests reconsideration of the rejection of claim 17 
under 35 U.S.C. § 1 03(a) as being unpatentable over Kajiki, and Liu as applied to claim 7 
above, and further in view of Burr. Because claim 17 depends from claim 7, the rejection 
of claim 17 is improper for the same reasons presented above regarding the rejection of 
claim 7. Accordingly, Applicant requests the rejection be withdrawn. 
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Conclusion 

As it is believed that the Application is in condition for allowance, a favorable 
action and Notice of Allowance are respectfully requested. 

Respectfully submitted, 

■ Mickkl D. Murray. Reg. No. 56,846 

Customer No. 26263 
(314) 259-5909 
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Marked Substitute Specification 

STEREOSCOPIC IMAGE DISPLAY APPARATUS 

RSIiATED APPLICATION DATA 

This application claims priority to Japanese Patent 
5 Application JP 2000-358207, and the disclosure of tliat 
application is incorporated herein by reference to the extent 
permitted by law. 

BACKGROUND OP THB INVENTION 

10 1- Field of the Invention 

The present invention relates to a stereoscopic image 
display apparatus for displaying a stereoscopic image - 

2. Description of the Related Art 

15 Various kinds of display apparatus for displaying 

planar images (two-dimensional images) by radiating light 
have hitherto been put to practical use. For example, a 
liquid crystal panel and a digital micro-mirror device (DMD) 
have been used as a spatial modulator for modulating light 

20 to be projected according to a planar image to be displayed 
in such a display apparatus. 

Moreover, research and development of diffraction 
gratings that can freely be driven by micro-- machines have been 
25 proceeding in recent years. Bloom et al (U.S. Pat. No, 
5,311/360) discloses a display apparatus using such a 
diffraction gracing as a spatial modulator for modulating 
light to be projected acoording to a displaying image wao 
e ^bmittcd and hao been widely noticed . 

1 
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^he A micro-machine type diffraction grating ^fe^^ used 
as a spatial modulator lilcc thio is generally called ^ a 
Grating Light Valve (GLV) r f . 11 - GLVs have ti -i icl ^uch a 
5 diffracti u ri grating hao features ouch that it cxm allowing 
them t_o be operated at a higher speed and can be manufactured 
at a lower cost by using various kinda of semiconductor 
manufacturing techniques 4r n comparijon with a compared to 
liquid crystal panel panels and ^- DMB DMDs that have hitherto 
10 been used as a spatial modulator . 

Accordingly, it is expected that a display apparatus 
can display a clear and bright image without any discontinuiry 
and can be realized at a low cost when the display apparatus 
15 is configured by the use of the GLV. 

On the other hand, as for display apparatuses for 
displaying stereoscopic images (three-dimensional images), 
though the display apparatuses have hitherto been realized 
2 0 by the use of various systems, many of them have various 
restrictions such that visual fields are limited within 
narrow ranges or that special glasses are needed to see, and 
they have not been put to full-scale practical use yet- 

25 Accordingly, various technologies making it possible 

to display stereoscopic images in real time by the use of 
various hologram techniques have been proposed in recent 
years. As an example of such proposals, there is a display 
apparatus (D.S. Pat. No. 5,172,251) that uses acousto-optic 

2 
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devices controlled by a computer apparatus or the like as 
one-dimensional hologram devices (hereafter called computer 
generated hologram (CGH) ) and displays stereoscopic images 
by scanning one-dimensional stereoscopic images generated by 
5 the CGH in horizontal directions and vertical directions. 

SUMMARY OF THE INVENTION 

ft ewcvQaSf in the cajG whcro Where stereoscopic images 
are displayed by the use of ^fet^ acousto-optic devices in the 

10 way described above, for example, the acousto-optic devices 
are used as one-dimensional hologram devices by creating a 
refractive index distribution by the input of ultrasonic 
waves according to displaying images* However, the 
displayed images may be distorted as if the displayed image 

15 is flowing due to the nature of the ultrasonic waves to be 
traveling waves . Accordingly/ it is necessary to correct the 
''flowing" distortion of displayed images by the use of, for 
example, a polygon mirror or a galvano-mirror . In this case, 
there arc problems presented include auch thch fer the whole 

20 structure of the display apparatus bQComoo being 

complicated [ [, ] ] and further that it io ncGdcd the need to 
adjust the timing of the correction to be extremely accurate 
lest time lags ohould will be generated. 

25 Moreover, devices other than the acousto-optic devices 

are oo far difficult to obtoin use as a spatial modulator thar 
can operate at a high speed and perform the modulation 
modulation with an abundant amount of information y both tho 
opcod and the amount being ouf f icicnt to display stereoscopic 
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itnages , in a dioplay apparatuj tox displaying th e - 
jtarCQDCpplG imagpo . 3^ Further, c onventional 
acousto-optic devices have ohortcomingo ol that thoy are 
expensive and that high voltages are necessary for driving 
5 to drive them. 

There io aii o Lhcr problem. Enormouo An enormous amount 
of information is required for displaying stereoscopic images 
because it bcoomoo is necessary to display precise 

10 information in three-dimensional directions- It is not 
practical at .prcoQi>t- to control such enormous amounr of 
information with conventional devices . Moreover, because 
the amount of information to display a stereoscopic image 
increases by leaps and bounds as the sizes of the images to 

15 be displayed become large, display of a large size 

stereoscopic images becomes very difficult. Bcoidog Also, 
in the case where stereoscopic images are displayed as moving 
picture in real time, the necessary amount of information 
further jumps up by leaps and bounds [ [, ] ] and it beeom&g - is 

20 necessary to process an enormous amount of information at 
extremely high speed. 

Although various kinds of display appararuses for 
displaying stereoscopic images have hitherto been proposed, 
25 such display apparatuses have many problems , such as those 
mentioned above, and the diop l ay apparatuoco are not put to 
practical use yet. 

The present invention is made in consideration of the 

4 
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aforesaid situation and problems. It is desired to provide 
a stereoscopic image display apparatus capable of displaying 
stereoscopic images at a higher speed and with a simpler 
structure than can be manufactured at a lower cost. 

5 

According to ^ one embodiment of the present invention, 
a stGireoDcopio image dioplay apparatua Lb provided^ — 
stereoscopic image display apparatus comprises a light source 
radiating light of a wavelength in a predetermined wavelength 
10 range-?— one-dimensional spatial modulator including 

one-dimensionally arrayed elements that are independently 
driven to generate an arbitrary phase distribution [ [;] ]^ and 
a scan unit scanning the light from rhe light source to a 
predetermined direction, the light having entered into the 
15 one-dimensional spatial modulator and having been modulated 
therein. 

The stereoscopic image display apparatus according to 
the present embodiment , which configured as above, - uses the 
one-dimensional spatial modulator including the 
independently driven elements as a spatial modularor for 
modulating light to be projected- Because such a 
one-dimensional spatial modulator may be operated at ^ an 
extremely high speed, stereoscopic images may be displayed 
based on a sufficiently abundant amount of information. 
Moreover, because the stexeoscopic image display apparatus 
displays stereoscopic images by the use of light modulated 
by the one-dimensional spatial modulator, the overall 
structure of the apparatus may be simplified, and the 

5 
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manufacturing cost thereof may be lowered. Moreover, the 
apparatus may express a stereoscopic effect without any 
special equipiaent such as special glasses to view 
stereoscopic image , 

5 

Moreover, the stereoscopic image display apparatus of 
the present embodiment displays stereoscopic iinages by 
scanning and radiating the light modulated by the 
one-dimensional spatial modulator. Thereby, for example, 

10 the stereoscopic images may be displayed with only horizontal 
parallax of the stereoscopic images to be displayed by the 
renunciation of vertical parallax. By displaying of the 
stereoscopic images with one directional parallax in such a 
way, the increase of a necessary amount of information may 

15 be suppressed, and an amount of information and a processing 
time, both necessary for displaying stereoscopic images, may 
be decreased to a practical level. 

Even when the stereoscopic images are displayed with 
20 only horizontal parallax as described above, stereoscopic 
effects may fully be expressed because two human eyes are 
arrayed in a horizontal direction and more insensitive to 
vertical parallax than horizontal parallax. 

25 In the stereoscopic image display apparatus according 

to the present embodiment, the scan unit may scan the light 
modulated by the one-dimensional spatial modulator in a 
direction perpendicular to the arraying direction of the 
elements of the one-dimensional spatial modulator. 
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Accordinglyr a larger jisg of tha stereoscopic image may be 
displayed and a wider viewing field may be ensured hr~ 
]j i o j acting the ncanning light that io modulated wi - th thc - 
o nc dimcnaioncil gpatial modulator and oaanncd with the ocan 
5 unit into the pa xp cndiculor direction to the arraying 

Creation of the olGinants sinoQ because the one-dimensional 
spatial modulator with the individually driven elements may 
be operated in a sufficiently fast speed - 



10 According to another embodiment of the present 

invention, there is provided a stereoscopic image display 
apparatus comprising; a light source radiating light of a 
wavelength in a predetermined wavelength range; a Grating 
Light Valve device that can independently drive each 

15 ribbon-like element to generate an arbitrary phase 

distribution of the light; a collimator lens making the light 
modulated by the Grating Light Valve device into parallel ray; 
a scan unit scanning the parallel ray from the collimator 
lens; a lens performing Fourier transformation on the scanned 

20 ray; and a diffuser panel diffusing the ray Fourier 
transformed by the lens. 

According to the above mentioned embodiment of the 
present invention^ the stereoscopic image display apparatus 
25 capable of displaying stereoscopic images at a higher speed 
may be realized at a lower cost with a simpler structure - 
Moreover/ according to the above mentioned embodiment, an 
amount of information and a processing time, both being 
necessary for displaying a stereoscopic image, may be 
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decreased theretoy enabling the moving picture display of 
stereoscopic images in real time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The other objects, featuresj^ and advantages of the 

present invention will become more apparent from the 
following description including of the prcocntly proforrcd 
exemplary embodiments of the invention talcoa - in conjunction 
with the accompanying drawings, in which: 
10 Fig- 1 is a mlTnctiQ diagram schematic showing a ntato 

gy ir^ h th n^ "i a>^^" nr^^r^rn inf_o a CLVbGina an QJiamplo of incident 
light waves approaching the GVL of a spatial modulator of the 
present invention; 

Fig, 2 is a mimntic diagram schematic showing light 
15 waves a otato ouoh that the light entered into after bein^ 
modulated b:y the GLV being an GxamplQ of the spatial modulator 
of the present invention io modulated and rGflcctcd ; 

Fig. 3 is a raimoti r c diagram schematic perspective -^e^? 
QKplaining tho prinQipj r c of thG prcDPnt invention by 
20 illustrating the scanning of the light modulated by the GLV 
in a predetermined direction ; 

* Fig, 4 is a schematic diagram of a diaplay apparatua 
Ghown QD an ojLQmplc of the structure perspective of the 
stereoscopic image display apparatus according to the present 
25 invention; 

Fig* 5 is a schematic diagram for llluotratin^ the 
rotation directions of a firot and a aecond galvano mirroro 
of the dioplay apparatuj^ of the stereoscopic ixoagre display 
apparatus shown in Fig- 4 from another perspective ; 

8 
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Fig . 6 is a mimctlQ diagram schematic showing an example 
of g jtQtG ouch that scanning directions of the laser beams 
HiociulQtQd to ono - dimGnoionQl uavQfronto acan in a projection 
plane on which stereoscopic images are projected by ift the 
5 display apparatus; 

Fig. 7 is a mimetic diagz - Ks a a schematic showing another 
example of a otatc ouch thg fe scanning directions of the laser 
beams modulated to one dlmonsional wavcfronts pcan in a 
projection plane on which stereoscopic images are projected 
10 by if5t the display apparatus; 

Fig. 8 is a oGhamatio block diagram showing a control 
circuit provided in the display apparatus; and 

Fig. 9 is a schematic perspective view of q rairrox array 
ohown ^ M an Qxamplc of a display apparatus having a scan 
15 mechanism including a mirror arra provided in the diopla y 
apparatuo - 

DETAIIiED DESCRXPTIOM OP THE PI^FBRRED EMBODIMESNT S INVENTION 

Hereinafter, the attached drawings are referred to 
20 while a prcforrod ombodimo - R ^ embodiments of the stereoscopic 
image display apparatus according to the present invention 
are describe d in detail - 

One of the features of a first embodiment of the present 
25 embodiment invention is to use a micro-machine type 

one-diiaensional spatial modulator as a spatial modulator for 
modulating light to be projected- Specifically, as such a 
spatial modulator, a micro-machine type diffraction grating 
may be used. The micro-machine type diffraction grating is 

9 
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generally called as a Grating Light Valve (GLV) when *^ 
used as a spatial modulator. 

The principle Gmpl u yud iii Lhc prc? rn L uL ib u diTn n-nt i n 
5 de -3 cribod in the following before tho - uii ibodiiricnt of thc^ 
prGDcnt invention io dcoaribedrr 

A GLV comprises a plurality of minute ribbons formed 
on a substrate . The ribbons may be fabricated with various 

10 semiconductor manufacturing techniques. Each ribbon is 

configured ro be able to rirbitrary arbitrarily ascend and 
descend fey in response to actuation from a piezoelectric 
device or the like. The GLV with such ribbon structure may 
be operated to dynamically drive each ribbon to vary its 

15 height while light with a predetermined wavelength range is 
irradiated thereto, thereby constituting a phase type 
diffraction grating as a whole- That is, the GLV generates 
the ±1''' order (or higher order) diffracted light by roQOiving 
jjcradiation of the light from the incident irradi ant light 

20 received. 



Accordingly^ an image may be displayed by the following 
operations: irradiation of light to the GLV; shielding of the 
0^^ order diffracted light; and driving each ribbon of the 
25 GLV tt pwardl - y upward and downwardly downward so as to have the 
diffracted light blink. 

Various display apparatuses for displaying planar 
images (two-dimensional images) by utilizing the aforesaid 

10 
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10 



characteristics of a GLV have hitherto been ^itoroduccd 
introduced. When a conventional display apparatus displays 
a constituent unit (hereinafter referred to as a pixel) of 
a planar image to be displayed, about aix ribbons are used 
for displaying eae the pixel- Furthermore, in a group of 
ribbons corresponding to one pixel, adjoining adjacent 
ribbons are made to ascend or descend altcrnatQly , 

However, if each ribbon in a GLV may is independently 
be- wired to be driven separately, an arbitrary 
one-dimensional phase distribution may be generated* The 
GLV structured in such a way may be regarded as a reflection 
type one-dimensional phase type hologram. 



X5 In the present embodiment, the GLV structured as a 

reflection type one-dimensional phase type hologram in the 
aforesaid way is used as the micromachine type 
one-dimensional spatial modulator. That is, for example, as 
shown in Fig- 1, an arbitrary phase distribution has been 

20 generated in advance by the independent driving of each ribbon 
11 of a GLV 10, When light with a predetermined wavelength 
range the phase of which is aligned enters into the GLV 10 
from the direction indicated by an arrow in Fig. 1, the 
incident light is modulated and reflected. Then, as shown 

25 in Fig. 2, an arbitrary one^dimensional wavefront may be 
formed . 

Hereupon^ a opooific example in the gqcg where 
■ atercoQQopic imagoa arc diaplaycd by the udq of ouch GLV io 



11 
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describod. In the case where a stereoscopic image is 
displayed by the use of the GLV in which a plurality of ribbons 
are one-dimensionaliy arrayed, each ribbon of the GLV is 
driven as follows: the Fourier transformation of a function 
5 ^x) = A(X) n(yOC3ip[ibCX) -^ afx) : A(X) - H (XI exp Ficp (X) ] is 
calculated when an amplitude of the one-dimensional wave front 
generated by the GLV is expressed by the a(x) as a function 
in an x-direction [ [ ; ] ] and then each ribbon of the GLV is 
driven in such a way that a phase difference corresponding 
10 to the phase component g3(X) is given to the reflected 

light. 

In order to be more precise, it is desirable to modulate 
the amplitude component H(X) as well. Accordingly, a more 
15 accurate three-dimensional display may be realized. 

Incidentally, the display apparatus may still be able to 
display a stereoscopic image with sufficient stereoscopic 
effects even if the amplitude component H(X) is set to be 
constant . 

20 

When the ribbon in the GLV descends by a depth [ [0] ] 
¥ from its default position, a change of 50 is generated 
in the optical path length for the reflected light. 
Accordingly, the phase difference generated by this change 
25 is 4d0/e 4nW/X where [ [e] ] A_de$ignates the wavelength of the 
light. 

Because ^fe^ analog modulation of the GLV is possible, 
a desired phase difference may be given to the reflection 

12 
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light by precise analog driving of the GLV, However, when 
a display apparatus - ia otructurcd by the udc of has such a 
GLV, it is practical to use a discrete calculation method such 
as th© fast Fourier transformation, Accordingly, it is 
5 practical to discretely drive each ribbon of the GLV based 
on a digital signal diocrctclyy and thereby enabling easily 
allowing for various kind & types of signal processing-e^sy. 

Another embodiment in accordance with the present 

10 invention is characterized by displaying stereoscopic images 
by the use of, for example, a technique shown in Fig- 3 on 
the basis of the aforesaid r)rinciple. As shown in Fig. 3, 
a GLV 20 in which a plurality of ribbons are one-dimensionally 
arrayed generates one one-dimensional wavef ront after . 

15 another. The generated wavef ronts are scanned in a vertical 
direction by a scan mechanism comprisingy for example, a 
galvano-mirror 21. That is, by rotating the galvano-mirror 
21 in a direction shown by an arrow A in Fig. 3, a plurality 
of wavefronts 22a, 22b, 22c are radiated in such a way that 

20 they are arranged in the vertical direction. Thereby , a 
stereoscopic image may be displayed, it is desirable to 
provide a one-dimensional diffuser panel 23 in the vicinity 
of the stereoscopic image to be displayed. By the diffuser 
panel 23, a vertical visual field may be enlarged slightly, 

25 and discontinuities between the wavefronts 22a, 22b, 22c are 
made ro be inconspicuous. Accordingly, more natural 
stereoscopic effecrs may be expressed- Although horizontal 
parallax may be sufficiently achieved by the technigue shown 
in Fig- 3, it is difficult to also obtain vertical parallax, 

13 
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This difficulty is addressed i n the following. 

That jg. QO oho^minrig, 3> a CLV 20 in ^ diich a pluralii r y 
ul xibb ona ar c nnr-rliTn-n^-^ ^-^--^^ nrraycd GQnQrQtGQ an 
5 one diiacnjional wQTj-efront one Lifi:cr another-: — The generated 
wqvQfrontD are □caancd in a vcrticcil diroction by a DOan 
ffi e' ehaniDiu comprioing, for cnamplG, o - galvano mirror 21. — 
That io, by the rotation of the galvano mirror 21 in a - 
diroGtion ahown by an arrow A in Fig- 3/ a plurality of 
10 wavcfrontJ 22a, 22b, 22q urs radiated in auch a way that they 
^rc arrangad in the •yrcrtioal direction. — t hereby > a 
-s- tereoDcopic image may be diDplayed, 

AO ohown in rig, 3, it io doairable to provide an 
15 one dimensional diffuaer panel 23 in the vicinity of a 

□tcrcoaGopic image to be diaplayed ^ — By the dif fuscr panel 
a vertical vipual field - may be enlarged alightly, and 
dinoontinuitiGO between the waTOfrontp 22a^ 22b, 22g arc made 
to be inconopicuouG . — ft ecordingly, more natural otereojcopie 
20 effecto may bo - exprcaaed, 

in tho caoe where otereoDCopio imagco ai?e — . 
<akioplayed by the vGrtiQal acanning of one dimenoional 
wavofrontJ ^fith utilising the techniquLQ phown ^ in rig> 2,- 
25 horizontal parallax may ouffioiontly bo oocurcd, but it 
bGcomcQ difficult to obtain - vorrical parallax ao v » cll- — 
AGcordingly/ ouoh dif f ioulty - ia addrcaoed in the following - 

When a display apparatus io Dtructured by the uog of 

14 

PA(£ 37/85 ' RCVD AT 2/S1200S 6:45:25 PM [Eastern Standard 



Fsb-D8-06 08:48pin Froni-S on nans chain Nath & Rosenthal 



3U 259 5959 



T-993 P. 038/085 F-424 



includes a diffraction grating such as a GLV or a hologram, 
the relations expressed by the following Equation 1 and 
Equation 2 are satisfied, where the maximum spatial frequency 
of the diffraction grating, the shortest period of the grating, 
5 a reproduced wavelength, and a diffraction angle (the 

diffraction angle influences rhe extent of a visual field) 
are respectively designated by fh, [ [E] ] A, [ [e] ]K, and [ (e] ] 0. 



1/S fh = 1/A ... (Equation 1) 
10 ¥^ — sine fnA = sing ... (Equation 2) 

According to the sampling theorem, the minimum sampling 
frequency may toe expressed to meet to by the following 
Equation 3. 



15 



f 3 = 2fh ... (Equation 3) 



Accordingly, a sample number N necessary for 
reproducing ana- a one-dimensional stereoscopic image having 
20 a horizontal length d may be expressed ^ - mect by the following 
Equation 4, 

N (2d ' jind)/c> N = d-fa = (2d-sinO)/X ... 

(Equation 4) 

25 

Moreover, when the vertical resolution of the display 
apparatus is designated by L, the total number Nh of the 
samples constituting one stereoscopic image may be expressed 
by the following Equation 5 in the case where the stereoscopic 

15 
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image is displayed by the technique shown in F:ig. 3/ namely 
when L pieces of the one-dimensional type diffraction 
gratings are vertically arranged. 

5 ^ - dL'fe ' (2dL - ninc/g ^hJ- dL-fa = (2dL'sin6)/X ... 

(Equation 5) 

In order to secure the vertical parallax, a total number 
NhvOf the samples necessary for constituting one stereoscopic 
10 image may be expressed by the following Equation 6 where the 
vertical length of the stereoscopic image is designated by 
w* 

— e 2dw5in^ ^»T^^ Nhv= {2dw'sin^e) ... (Equation 

15 6) 



As being opparcnt can be seen by the oomparioon of 
comparing Equation 5 and Equation 6, a required amount of 
information (the number of samples) remarkably increases when 

20 achievement of both ^he- horizontal parallax and ^fefee vertical 
parallax are tried to bo secure d, compared to when 
comparison with that in the cage where only ^fe^te horizontal 
parallax is secured. For example, when the diffraction angle 
e is 30 degrees and the reproduced wavelength A is 0.5 um, 

25 the total number NhTrOf required samples is 2dw x 10^^ according 
to Equation 6. Further, when the horizontal length d and 
vertical length w of a snereoscopic image to be displayed are 
100 mm, the total number Nhv of samples necessary for 
displaying one stereoscopic image is 2 x 10^*^, That is, 20 
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G bits (gigabits) of informarion becomes ne c essary to display 
a single stereoscopic image. Moreo ver, for example, if 30. 
■<.hPT^osco pic images are to be displayed every second for 
displaying moving picture images. 600 G bits (75 G bytes) of 
5 information becomes necess ary every second. 

More ppcclf icQlly/ ^fhcn the diffraction angle 0 io oot 
to be 30 d cgrrr n nnrl ^-Tr-- Trnpnmrtn nnH ^n\m1 nnath A io OQt to 
^ 0,5 ym, the toral numbar of the rcquirGd aamplcQ io 

10 K l - Q . ^ in conformity with Dguation 6, — Ilcrcupon, when the 

horiEontal length d and the vertical length w of a 
jtcrcQDCopic image to be diaplayad are gavQrally act to bo 
IQQ mm, the total number Nhy of the ogmplcj nccGaaary for 
dioplaying one oterooacopiG image ia 2 ^ IQ^ t — That ia, the 

15 amount of information of 20 G bita bcQom e a ncoGDsary for 
dioplaying one piece of □tcrcoDoopic image. Moreover, if 3Q 
jt-creoscopie imagco are to bo diaplayed every pocond foj g- 
dijplaying moving p-j ^^-rnv-n Tinnrjnj. rhn rtrrtonnt of information 
of 600 C bitj (75 G bytco) bocomco nocespary every occond. 



20 



25 



Incidentally, the amount of information - & € 600 G bits 
of information is equal to an the same amount of information 
required when the moving picture image is pictures are 
displayed with using monochromatic and no-gradation images. 
If a color display with the three primary colors is to be 
pe rformed desired , €HV the amount of information required is 
tripled* If eight levels of gradation 4& are to be used, eight 
times e# the amount of information is further required - 
Furthermore, if displaying is performed on a 12-inch size 
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display apparatus, an amount u f informati o n seven times the 
amount of information or more is further needed - Accordingly T- 
oianal Signal processing dealing with such an enormous amount 
of infonaation at a high speed is far from being put to 
5 practical use at proacnt by conventional methods . 

On tho other hand, according - According to the present 
Rmbodimcnt invention , by the ujg of using the technique shown 
in Pig. 3, a stereoscopic image is displayed only by the 

10 horizontal parallax thereof by i^Kg ralinau - i r ehmcnt with 
the vertical parallax thereof being relinquished . In this 
case, similarly similar to what hava been that described above, 
for example, when the diffraction angle [(61 16 is set to be 
30 degrees and the reproduced wavelength [[e] ]A is set to be 

15 0-5 [[im]] im, the total number Nhv of the required samples 
is 2dL X 10^ in accord oonf oiiuity with Equation 5. If the 
horizontal length d and the vertical length w of a 
stereoscopic image to be displayed are DGvcrally act to be 
100 mm and the vertical resolution L is set to be 1000, the 

20 total niimber Nh of the samples necessary for displaying one 
piece of stereoscopic image is 2 >^ 10^- This amount of 
information is ^ - /lOO in aomparioon w i th 1/100^*^ of the 
aforesaid total sample number NhvH^l] li.e.^ 2 xioi''j_. 
According to the present embodiment, using the technique _ 

25 shown in Fig. 3, it is possible to decrease the amount of 
information and processing time necessary for displaying a 
stereoscopic image at a practical level. Also, because two 
human eves exist in a horizontal line, human eyes are less 
sensitive to vertical parallax than to horizontal parallax, 

18 
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Th^i.q. stereoscopic effects m a v fully be e x pressed in the case 
where a stereoscopic image is disp layed by the use of the 
shown in Fig, 3. wit h its vertical parallax being 
relinquished. 

5 

According to the prcocnt Gmbodimcnt uoing the tcchniquQ 
^ hu \ m in rig, 3 . it hr.r,nmnn pnnnihln tn rlcLQrQQOQ Qn Qmount 
^£ InformatiDn and a prQCcDoing time, both b t^ Xuy uccQDaary 
T u x gij p l aj i n i j n nt-r- -^^^^r'' ^ STnnryr^ tn n practioal Icvcl -^ 

10 

IncidGntQllyi oven in the case where a orQrcoooopic 
image ±n diaplaycd by the uco of the technique ohown in Fig -=- 
3, with ita vertical porallqjt being g?clinquiohcd, bcoauaQ t^jo 
human cyoo Gj & jrst in - a horisontal line, human cyco are more 
15 inoonoitivc to the vcrtiaal parallaas than hori2ontQl parallaas^ 
and thereby oteroQacopic offccta may fully be CHpreoocd- 



Next/ according to otill another embodiment of the 
present invention, a display apparatus 30 shown in Fig. 

20 4 is provided for displaying a stereoscopic image. The 
display apparatus 30 displays stereoscopic images by 
scanning and projecting light modulated by a 
micromachine type one-dimensional spatial modulator fey 
utilizing the aforooaid principle of the preoent 

25 inventio-a. The display apparatus 30 comprises a first 
laser oscillator 31a, a second laser oscillator 3 1b, and 
a third laser oscillator 3lc that respectively emits a 
laser beam in the wavelength range of red, green and blue 
Other types of coherent light sources such as solid state 

19 
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laser device may be employed In place of the laser 
oscillators. The display apparatus 30 £urthe3^ 
comprises a GLV 32 for modulating the laser beams emitted 
from the laser oscillators 31a. 31b, 31c so as to form 
5 one-dimensional wavefronts Wr^ Wq, Wb with desired phase 
distributions . 

The dioplay Qpparatuo 30 Qompricicnr - Q-n ohoim in Fi - g ^ 
<!> g firnt laser Qacillator 31a, a jccond lajcr OQcillator 

10 31b and a third laocr oDOillQtor 31o that rcopoGtivoly cmito 
a laoor beam in each wavolcngth range of rod^ green and blue, 
roapoctivcly -; — The display apparatus 30 further compriDQj a 
GLV 32 for modulating the laaor bcamo emitted from thoDC lao<> 3e 
e a - cillatora 31a 31q do ao to - f orm one dimongional wavof ronto 

15 with rcopcotively deairod phaoe diotributiono -r 

Alternatively/ — other typco of coherent light Dourceo 
such ao aolid state laacr dcvioo may be employed in plaoe of 
the iQOcr oncillators -r 

20 

The GLV 32 is provided with three ribbon arrays 
32a, 32b, 32c respectively formed from a plurality of 
minute ribbons that are one-dimensionally arrayed (in 
a straight line) . In the GLV 32, each ribbon 32a, 32b, 
25 32c is structured to be able to ascend and descend 
independently and arbitrary arbitrarily by use of a 
piezoelectric device or the like . ¥te e3e The ribbons 32a, 
32b, 32c in the GLV 32 are independently driven by a 
control circuit that will be described later. IIoreovGr, 

20 
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eaeh Each ribbon array 32a, 32b, 32c of the GLV 32 is 
irradiated by a red laser beam, a green laser beam_^ or 
a blue laser beam that is respectively radiated from the 
first, the second^ or the third laser oscillators 31a, 
5 31b, 31c. That is, in the GLV 32. a ribbon array 3 2a 
for red, a ribbon array 32b for green, and a rib bon array 
32c for blue are forttied. and the red laser b eam, the green 
laser beam, and the blue laser beam are selectively 
radiated. Then, the GLV 32 one-dim enaionallv modulates 
10 and reflects each laser beam to generate an arbitrary 
wavefront for each colon a red wa vefront Wr, a green 
wavefronr Wq, and a blue wavefront Wb shown in Fig. 4. 
Because the color wavefronts Wr, Wg, Wb tra vel through 
substantially the same optical path, they are 
X5 collectivelv referred to as a laser bea m in the following 
sections of the present spe cification. 

That ip^ in rha GLV 32, Q ribbon array 32a for red, a 
ribbon array 32b for gro&n, and a ribbon array 32g for blu f o 

20 formed, and the red Igocr boom, the green laoor beam 

^e blue laoer beam io roopQctively radiated — Then; the CW 
32 one dimcnQionallymodulatGa and reflecto each laoor beam 

gQneratc an arbitrary wavefront at every color ao rod 
wavefront Wr, green wavefront and blue wavefront Wb ohovm 

25 j-R Fig. — DecauoQ ■ reopcotiTOK^ pdlor wavefronto Wr> Wg^ W b> 
that have been generated in ouch a i r^ay that: they rravcl Ghrough 
' subarantiolly the oomo opt - i - eal parh> each oolor laoor beam 
i3 named gcncrically and oimply ao a looar beam in the 
following oectiono of the prcoent opecif ication, - 



21 
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Moreover, the display apparatus 30 comprises a 
collimator lens 33, a first galvano-mirror 34, a second 
galvano-mirror 35, a Fourier transformation lens 36^ and eft 
a one-dimensional diffuser panel 37, all being arranged in 
5 this order on an optical path of the laser beams reflected 
by the GLV 32 . The collimator lens 33 allows the laser beams 
reflected bv the GLV 32 to pass throu gh to form parallel rays . 
The parallel ravs leaving the c o llimator lens 33 are the n 
incident on the first galvano-mirr or 34. The first 
10 galvano-mirror 34 reflects the in cident laser beams to make 
them incident on the second oalvano-mi rror 35. The second 
galvano-mirror 35 reflects the inciden t laser beams to make 
t-hem incident on the Fourier t ransformation lens 36. 

15 ThQ oollimator lono 33 alloua the laocr bcm i u i-cflQctod 

by the GLV 32 to posa thLoagh to form parallul rayo and t-h<> 
parallel royo i^ luuldcnt on the f irot galvano mirror 3 4 . Th<> 
lirot galvano - mirror 3 4 rcflcota the incident laacx bcoma to 
malcc thorn incident on tho - gGCond galuano mirror 35, — 

20 s econd galvano mirrox 35 reflceta the inoia^ut lajnr b nn m i 
CO make them inaldcnt on the Fouarier trauJ formation lona 3 6- - 



Rotations of the first and the second galvano-mirrors 
34, 35 are controlled by a control circuit that will be 
25 described later. Assuming an xyz coordinate system as shown 
in Fig. 5, the firsr galvano-mirror 34 is controlled to rotate 
about the z-axis, and the second galvano-mirror 35 is 
controlled to rotate about the x-axis. That is, the first 
and the second galvano-mirrors 34, 35 have rotation axes 
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orthogonal to each other, and they are driven to rotate about 
respective rotation axes under the control of the control 
circuit. 

5 A >,c ordinglj/ , in rho display npparatuQ 30/ tho Ioskm^ 

bLUi i iJ, LhJt h^"r l uodulQtGd by the CLV 32 and havp 
o uL aimuHjionali i TavQfronto (linear wa^rcfj . onto) < aro acann^ 
b-^ thG firat and the accond galvano mirror j 31, 35 in aui?l> 
a way, for .^AoiL iplQj ahown in Fig. ■ 6 - ^ Fig. 6 ^ ehcmaticall y 
10 shows the scanning directions of the laser beams in a 

projection plane on which stereoscopic images are projected 
by the display apparatus 30. In the figure, the transverse 
direction is assumed as the horizontal direction, and the 
longitudinal direction is assumed as the vertical direction. 
15 That is, in the display apparat u s 30, the first and the second 
f yarvano-mirrors 34, 35 are driven to rotate by the control 
nircTuit and, thereby, can scan the incident laser beams in 
the horizontal direction and the vert ical direction, 
respectively. 

20 

That io< in the display apparatus 30/ rho firat and tho 
■j eoond galvano ' lairroro 31, 35 are driven to -u u LaLc by tho 
c ontrol oircuit/ and thereby thoy can ooan tho inoidont looog 
i BeuiTiJ in the horiEontal direction and the vcrtiqal dlrcotion, 
25 rcapcotivcly. - 

Because the laser beams modulated by the GLV 32 have 
one-dimensional wavefronts i - n the diaploy apparatua 30 , 
stereoscopic images may be displayed by **>e scanning the 

23 
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laser beams only with the second galvano-mirror 35 in the 
direction perpendicular to the laser beam wavef ronts [ [ , 11 
a.e.^ the vertical direction in Fig. 6^ without using 
the first galvano-mirror 34. In this case, the horizontal 
5 length of the stereoscopic image to be displayed is restricted 
by the length of the ribbon arrays 32a, 32b, 32c formed on 
the GLV 32, 



10 



M ^ ix Dpcoirically, when When a GLV capable of 
displaying 1024 pixels is used as the GLV 32 in the 
display apparatus 30/ Lhc number of there are 6,144 
ribbons formc^ d in each ribbon array 32a, 32b, 32c in the 
GLV 32 HTfce jciTGrally 61 C a - ( in the caoe where six ribbons 
are included in one pixel) . lu Lhc GLV 32, when When 
15 it is assumed that an interval distance between two 
neighboring ribbons is 5 [[im]] Hn, the horizontal 
length of a stereoscopic image capable of being 
projected by the display apparatus 30 bcaomGO is about 
30 mm unless a magnifying lens is used. Accordingly,, 
it is necessary to increase the number of rib bons of the 
GLV 32 in order to widen the horizon tal length of the 
stereoscopic image. However, the yield of 
manufacturing is decreased and the manu facturing cost 
increased when the device area of the GLV 32 is enlarged. 



20 



25 



Acoordingly, it in nOGOMary to - incrcaQQ - 
ribbono of the GLV 32 in order to widen the horizontal length 
of the rtcr-rr'" — p-"^ ^ ^rr^-yr^r^ — On the other hand, the yield of 
manufacturing may rinnvnnnnri mnd the manufacturing ooot may 
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be InorQQOcd if the device arcQ of the CLV 32 ij L o ba unlargGd. 

Oecauoo When ^ in the display apparatus 30, the 
laser beams are scanned by the first and the second 
5 galvano-mirrors 34,35 in the horizontal direction and 
in Che vertical direction-; — Namely , the laser beams are, 
so to speak, two-diitiensionally scanned. Accordingly, 
the horizontal length of the stereoscopic image to be 
displayed may be enlarged without depending on the 
10 length of the ribbon arrays 32a, 32b, 32c fonned on the 
GLV 32. 

When the operation frequencies of the first and 
the second galvano-mirrors 34, 35 are 1 MHz, 200 lines 
may be scanned by the first galvano-mirror 34 in the 
horizontal direction even if 5,000 lines are scanned by 
the second galvano-mirror 35 in the vertical direction . 
Accordingly, ao dcooribod above, when the GLV 32 on which 
6,144 ribbons are formed with intervals of 5 [[im]] ^ 
between each other is used, the horizontal length of the 
stereoscopic image to be displayed may be enlarged up 
to 6 m. 

Because the amount of information to be processed 
25 naturally increases bv Icapa - and bounds considerably for 
rhe displaying of a stereoscopic image in a large size 
as described above , the prQctically realizable image 
size is limited depending on the performance of signal 
processing. The display apparatus 30 according to the 

25 
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present embodiment is - suf f icicnt3 :y capable of 
displaying a stereoscopic image in rhe aforesaid degree 
e# size* By alleviating the limitation due to Ch r Q 
improving signal processing capability by, for example, 
5 utilizing a parallel processing technique of a high_ 
performance computer apparatus having high operation 
pcrformanoe, an extra-large three-dimensional image 
may also be displayed, 

10 It is difficult to scan the laser beams precisely 

in the horizontal direction and in the vertical 
direction as shown in Fig. 6 because the first and the 
second galvano-mirrors 34, 35 are driven to rotate 
continuously in the present embodiment. Alternatively, 

15 by changing the ohangc of - scanning speeds of the first 
and the second galvano-mirrors 34, 35 in the display 
apparatus 30 cia ahown in Fig, 7 , laser beams may be 
scanned obliquely , as shown in Fig- 7 , More 
specifically, for example, the laser beam may be scanned 

20 siK times in the vertical direction by the second 

galvano-mirror 35 while the laser beam has been scanned 
once in the horizontal direction by the first 
galvano-mirror 34. However, because the 
one-dimensionally modulated laser beam is shifted in the 

25 horizontal direction while the laser beam is scanned in 
the vertical directions in this case, an amount of such 
shifting should be ift taken into consideration ^ -drive 
for driving the ribbon arrays 32a, 32b, 32c of the GLV 
32. 

26 
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10 



15 



In the display apparatus 30, by the aforesaid 
operation of the first and the second galvano-mirrors 
34, 35, the laser beams are scanned in the horizontal 
direction and the vertical direction. Then, the 
scanned laser beams *e are incident on the Fourier 
transformation lens 36, Other type s of lens may be 
employed in place of the Fourier tran sformation lens 36 
as long as such lens can perform Fourie r transformation 
on the desired light. The Fourier tr ansformation lens 
36 alters the laser beams passing thr ough it according. 
to the Fourier transformation. Then, the t ransformed 
laser beams are incident on the one-dim ensional dif f user 
panel 37 . 



The rouricr tranof ormation Icno 3g malcQa the incidcn - fe 
jrtijcr bcamo paoo through it to tranaform them by the Fourior 
tranoformatioit-^ — Than the rouricr trannf ormaLl u n Icno 3g 
makca the tranof oriacd laocr bcamn be inoidenr on tho - 
20 one diiticnaional diffuoor panel 37. 

AltcrnativQlyy other typeo of lona may be employed - i r ft 
p lace of the rouricr transformation Icnp 3 6 aa long Qfl auch 
lenjj can perform Fourier transformation on the dcaired light. 



25 



The one-dimensional diffuser panel 37 is disposed on 
a Fourier surface of the Fourier transformation lens 36[ [, 1] 
and ^ e one dimcnQional diffuoor panel 37 malcco diffuses the 
MCidcnt laser beams p&^e- passing through it to diffuse tho at 
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10 



one-dimensionally. Because the display apparatus 30 is 
provided with the one-dimensional diffuser panel 37, ^fefee- 
tld r jpXay apparatuo 30 a slightly e nlargco tho enlarged visual 
field thereof- is obtainable in the vertical direction, 
which can make the discontinuities between the wavef ronts of 
the laser beams that arc scanned in the vertical directions 
inconspicuous, thereby realizing more natural stereoscopic 
effects. After passing through the on e-dimensional dif fuser 
panel 37, the laser beams are projecte d on a proi action plane 
and a stereoscopic image G having h orizontal parallax is , 
displayed, as shown in Fig. 4. 



Then/ in the dijplay appQratuo 30, the iQJcr bQomo 
P ^socd through the one dimGnoional diffuoci: panol 37 ia 
15 ^ rojcctQd on a projection plane - aB phown in Fig, and q 
atGrcooGopic image C having horiEontal pprallaK io digplciycdu 

The display apparatus 30 comprises a control circuit 
40 , as shown in Fig. 8 - The control circuit 40 j r d constituted 

20 ^ includes, for example, various semiconductor devices. 
The information (hereinafter referred to as display image 
data) concerning stereoscopic images to be displayed is input 
into the control circuit 40. The information may be from an 
apparatus that may bo located outside the display apparatus 

25 30. The control circuit 40 controls the GLV 32 according to 
the input display image data to drive the plural ribbons 
formed on the GLV 32 separately. Moreover, the control 
circuit 40 controls the rotation speeds and the rotation 
timings of the first and the second galvano-mirrors 34, 35. 
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The control circuit 40 *e can comprise, for 
example jU u ^ai in Fig 8 , Gomprioco a clock generator 
41, a Fourier transformation section 42, a GLV driving 
5 section 43, and a galvano-mirror driving section 44. 
The clock generator 41 gen erates a clock signal for 
rgfereticing the operation timing of t he control circuit 
40 and the whole operation timi ng of the display 
^ paratus 30- The clock generator 4 1 outputs the 
10 generated clock signal to the GLV driving section 43 and 
the qalvano-mirror driving sectio n 44. The signal 
level of the clock signal can be set t o change in a 
predetermined manner- £ach sect ion of the control 
circuit 40 performs various kinds of p rocessing at the 
15 timing of rhe signal level change o f the clock signal^ 

¥ h& clock goftGrator 11 gcnGratco a clock pignal bcin -g 
q rGfcrcnGc of the Qpcration timing of tho control circuit 
40, and the, whole operation timing of the dioplay apparattto 

2 0 — The clOQlc generator 40 output^o the generated clook aignol 
t u L hu CLV driving o o otion 43 and the galvano-mirror driving 
jccticn 11- — The signal level of the clock oignal changpsj^ 
■ lor QjEQmple; every predetormined time - z — Each DcctiGn of tho 
t i ^j iitrol circuit IQ pcrformp ygriouG Kxndp of proccoaing at 

25 the timing of the oignal level change of the alock oignali 

The Fourier transformation section 42 receives display 
image data from an external apparatus, and performs the 
Fourier transformation processing of the display image data. 
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Then, the Fourier transformation section 42 outputs the data 
after performing the Fourier transformation processing to the 
GLV driving section 43. 

5 The GLV driving section 43 operates at a timing based 

on the clock signal input from the clock generator 41, and 
controls the GLV 32 in accordance with the data input from 
the Fourier transformation section 42. That is, the GLV 
driving section 43 drives each ribbon formed on the GLV 32 
10 to ascend or to descend, and sets each ribbon array 32a, 32b, 
32c of the GLV 32 at a desired position that corresponds to 
a phase distribution in accordance with the input data. 



Ttie galvano-mirror driving section 44 controls the 
15 rotations of the first and the second galvano-mirror 34 

according to the timing based on the clock signal input from 
the clock generator 41. 



The control circuit 40 has the following control 
20 function > That is, by the operation of the GLV driving 
section 43 and the galvano-mirror driving section 44 
according to the clock signal, the control circuit 40 maJcoa 
causes the GLV 32 and the first and the second galvano-mirrors 
34, 35 to operate at suitable timings in cooperation with each 
25 other- When the laser beams are scanned under the abovo Git - e 4 
control of the control circuit 40, e» a stereoscopic image 
is displayed in the display apparatus 30^ as shown in Fig. 
6 or Fig, 7. 
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The display apparatus 30 structured in such a way uses 
a micromachine type one-dimensional spatial modulator, i.e. 
the GLV 32, as a spatial modulator for modulating light to 
be projected. Because the GLV 32 can be operated at an 
5 extremely high speed, an abundant amount of in formation may 
be used to display the stereoscopic image may bo dioplayod 
while uoing puffiQicntly abia - ndant amount of information . 
Moreover, because the display apparatus 30 displays the 
stereoscopic image with the light modulated by the GLV 32, 
10 the overall structure of the apparatus may be simplified, and 
the manufacturing cost thereof may be lowered. Moreover, 
stereoscopic effects may be expressed without using special 
equipment such as dedicated glasses for viewing a 
stereoscopic image . 

15 

Moreover, the display apparatus 30 modulates the laser 
beams with the GLV 32 having a function of afir a one-dimensional 
spatial modulator [ [, ] ] and projects the modulated laser beams 
while scanning them to predetermined directions. Thereby, 

20 the display apparatus 30 displays the stereoscopic image. 
That is, the display apparatus 30 relinquishes the vertical 
parallax in the stereoscopic image to be displayed [[,] ] and 
displays the stereoscopic image only with its horizontal 
.parallax. Since the display apparatus 30 displays the 

25 stereoscopic image by utilizing only the horizontal parallax, 
the display apparatus 30 may suppress the increase of the 
amount of information necessary for displaying the 
stereoscopic image . ^ and thorcbv Thereby, it becomes possible 
to decrease the amount of information and processing timer 
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both bQing necessary for displaying the stereoscopic image. 

In the above description, the display apparatus 30 
scans the laser beams in the horizontal direction and in the 
5 vertical direction with using the first and the second 

galvano-mirrors 34, mid GonacauQntlv In this way/ the 

display apparatus 30 functions, so to speak, as a scan 
mechanism for scanning the laser beams. 

10 The display apparatus 30 is not limited to tee being 

equipped with the scan mechanism structured in such a wa y as 
described - AltcrnQtivclyy any Any scan mechanism structured 
to scan and project laser beams in predetermined directions 
may be e mplovablo used - More specifically/ for example, the 

15 scan mechanism may be structured by the use of a two-axis 
qalvano-mirror having rotational axes orthogonal to each_ 
other and able to be driven two-dimensionally ■ 

More opeaif ically, for oatamplcii^ the a can mechanism may 
20 bo Dtructurcd by the uoc of a two - aicio galvgno mirror tha - lr 
io equipped with rotational qxqq orthogonal to each other and 
may driv e a mirror two dim e nsionally ■ 

Moreover, jtill as another type of the scan mechanism, 
25 a mirror array 50 , as shown in Fig. 9, may be used. In the 
mirror array 50, €r 3 shown In Fig. di surfaces on which the 
laser beams are incident upon are formed in a multistage shape 
The reflection angle of each stage mirror is f onaed to differ 
from each other slightly. Then, by the use of the mirror array 
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50 in conibinat ion with, for example, the first galvano-mirror 
34, the scanning with the scan mechanism is accomplished. In 
this case, for example, by rotating the qalvano-mirror _34 
about the horizontal axis, the laser beams are scanned in the 
5 direction of an arrow A (i.e,, i n the vertical direction),^ 
Then, the laser beams are incident on the refl ection surfaces 
of the mirror array 50 and scanned in the direction of an arrow 
B in Fig, 9. namely the direction of a combination of the 
vertical direction and the horiaiont al direction, on a 
10 orojection plane 51^ 

In thiJ CQJC, for cataMplc, by the rotation driving o € 
Lhc galvano - mirror 2^ about the horiinonLal axio, the laacr 
bcamp arc Dcannad in the diroc L i u u o £ an arrou A in Fig. » ?- 

15 i,c, the vorticQl dirGctioH ^ — Thon^ the laser bcamo arc 

incident on the rcflcotion aurfacea of the mirror array 50, 
and thereby the laacr baamo gro oconnQd in the direction of 
an arrow D in Fig. Qy namely tho direction of a combination 
uf the v c rti c Ql dirr^ri'^" ^ ^^''^ hnri ir n n t-n l direction^ on 

20 r i projection plane 51- - 

Moreover, in the display apparatus 30, the scan 
mechanism may be structured by the combination of, for example, 
a polygon mirror and a volume rype hologram. Alternatively, 
25 the display apparatus may be structured to scan the laser 
beams by the rotation of the GLV 32 itself wirefe: utilizing a 
rotation mechanism such as a stepping motor. 

Although the invention has been described in its 
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preferred ^rm forms with a certain degree of particularityr 
Qtovioujly maR y changes, variations_j^ and coinbinations of the 
embodiments are possible therein. It is therefore to be 
understood that the present invention may be practiced other 
5 than as specifically described herein without departing from 
the scope of the invention thoroe ^. 
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ABSTRACT OF THE DISCLOSURE 
A stereoscopic image display apparatus is provided. The 
apparatus comprises a light source radiating light with a 
predetermined wavelength range, an one-dimensional spatial 
5 modulator including one-dimensionally arranged elements 
that axe independently driven to generate an arbitrary phase 
distribution, and a scan unit scanning the light from the 
light source to a predetermined direction, the light having 
entered into the one-dimensional spatial modulator and 
10 having been modulated therein. 



42 



PA(£ 5S/85 ' RCVD AT 2/812006 6:45:2S PM [Eastern Standard Time] ' SVR:USPTO{FX^^^^ 



